Abstract This cross-sectional study examined the performance of children born very preterm and/or at very low birth weight (VPT/VLBW) and same-aged term-born controls in three core executive functions: inhibition, working memory, and shifting. Children were divided into two age groups according to the median (young, 8.00-9.86 years; old, 9.87-12.99 years). The aims of the study were to investigate whether (a) VPT/VLBW children of both age groups performed poorer than controls (deficit hypothesis) or caught up with increasing age (delay hypothesis) and (b) whether VPT/ VLBW children displayed a similar pattern of performance increase in executive functions with advancing age compared with the controls. Fifty-six VPT/VLBW children born in the cohort of 1998-2003 and 41 healthy-term-born controls were recruited. All children completed tests of inhibition (ColorWord Interference Task, Delis-Kaplan Executive Function System (D-KEFS)), working memory (Digit Span Backwards, HAWIK-IV), and shifting (Trail Making Test, Number-Letter Sequencing, D-KEFS). Results revealed that young VPT/VLBW children performed significantly poorer than the young controls in inhibition, working memory, and shifting, whereas old VPT/VLBW children performed similar to the old controls across all three executive functions. Furthermore, the frequencies of impairment in inhibition, working memory and shifting were higher in the young VPT/ VLBW group compared with the young control group, whereas frequencies of impairment were equal in the old groups. In both VPT/VLBW children and controls, the highest increase in executive performance across the ages of 8 to 12 years was observed in shifting, followed by working memory, and inhibition. Conclusions: This study provides evidence that (a) poor performance in inhibition, working memory, and shifting of young VPT/VLBW children might reflect a delay rather than a deficit and (b) that VPT/VLBW children are likely to display a similar pattern of performance increase in these three executive functions compared with that of controls.
Introduction
In the current literature, it is unclear whether children born very preterm (VPT; <32 gestational weeks) and/or at very low birth weight (VLBW; <1,500 g) perform poorer in cognitive function tests than same-aged controls throughout childhood (deficit) or catch-up in performance with increasing age (delay). In the case of a delay, the performance difference between VPT/VLBW children and same-aged controls would be large in younger children but negligible in older children, indicating that performance differences decline with increasing age. In the case of a deficit, the performance level of both young and old VPT/VLBW children would continuously remain below that of same-aged controls. Some studies have reported that preterm-born children catch-up in cognitive performance over time [31, 41] , whereas other studies have observed stable deficits [20] or even an accentuation of problems with increasing age [40] . To our knowledge, no evidence of catch-up has yet been described regarding executive functions (EF). To the contrary, VPT/VLBW children are reported to be at risk of deficiencies in EF across several ages [3, 4] .
EF refer to cognitive processes that are important for purposeful and future-orientated behavior [26] . Miyake and colleagues [32] established three core EF, inhibition, working memory (WM), and shifting, which provide a basis for the execution of more complex executive skills such as planning or problem-solving. EF have shown to be crucial for academic achievement such as reading and writing competence [1] and mathematics [9] . The emergence of EF has been linked to structural maturation of the frontal cortex [10] . The age period of 8 to 12 years is characterized by a growth spurt in the frontal lobes, and, therefore, is a critical period where these three functions develop and become established [2] .
Inhibition is described as the ability to suppress pre-potent responses, stop an ongoing process and avoid cognitive interference [32] . VPT/VLBW children at the ages of 5 to 12 years perform poorer than full-term controls in inhibition tasks compared with same-aged controls [4, 8, 16] . Poor inhibition skills in VPT/VLBW children have been linked to cerebral lesions (e.g., haemorrhage) [21] and white matter abnormalities (e.g., reduction of white matter volume, ventricular dilatation, thinning of the corpus callosum, and delay in myelination) [15] .
WM refers to the ability to store and manipulate information during a short period of time [18, 27] . VPT/VLBW children are at risk of a decreased WM capacity in the preschool period [8, 42] , during school years [3] , and in adolescence [6] . Poor WM is likely to correspond to brain injury in the neonatal period [42] .
Shifting is the ability to deliberately shift between mental tasks or sets [32] . Successful shifting taps both inhibition and WM resources, as the irrelevant set has to be inhibited while constantly monitoring whether the shifting rules are being observed [5, 32] . Furthermore, shifting displays the most prolonged developmental timetable among the three functions [12, 25, 32] . For that reason, shifting is suggested to be more complex than inhibition and WM [5] . Some studies have reported deficiencies in shifting of younger [8, 15, 39] and older VPT/VLBW children [4, 40] , as well as young VPT/VLBW adults [41] . In other studies, equal performance levels of shifting have been found in VPT/ VLBW and control children [37] . Inconsistencies might reflect the extent to which the instruments used to assess shifting require WM and inhibition abilities [5] . An impairment in shifting can relate to neonatal circumstances, with children being born at extremely or very low birth weight [39, 40] or with neonatal cerebral lesions [35] showing more problems in shifting than term-born controls.
In general, a catch-up in cognitive performance of VPT/ VLBW children is suggested to depend on (a) the degree of prematurity, with those children born earlier and at lower birth weight displaying higher frequencies of cognitive impairment [16, 39] , (b) the extent of severe medical complications during the neonatal period, which have been linked to poorer outcome (e.g., haemorrhage, periventricular leukomalacia, necrotising enterocolitis) [17, 35] , and (c) the parental socioeconomic milieu [28] . A study by Luu and colleagues [28] revealed that VPT/VLBW children who showed a catch-up in cognitive performance had low rates of neonatal complications and neurosensory impairment, highly educated mothers and were members of the ethnic majority. Overall, about 70 % of all VPT/VLBW children born in Switzerland do not exhibit severe neonatal complications and neurosensory impairment, which increases the possibility of normal cognitive functions later in development [36] .
The present study examined performance of VPT/ VLBW children and healthy term-born controls in inhibition, WM, and shifting. All children were assessed at 8 to 12 years of age, a developmental period in which the three EF become increasingly established [2] . Children were divided into two age groups according to the median (young and old). The aims of the study were to investigate whether (a) VPT/VLBW children of both age groups performed poorer than controls (deficit hypothesis) or caught up with increasing age (delay hypothesis) and (b) whether VPT/VLBW children displayed a similar pattern of performance increase in EF with advancing age compared with the controls. As low rates of neonatal complications and neurodevelopmental impairment (IQ≥ 85) have been shown to be a crucial factor facilitating a catch-up in preterm-born children [28] , only VPT/VLBW children with no or minimal neonatal cerebral brain lesions and no or minimal neurodevelopmental impairment were included, which represent the major subgroup of the VPT/VLBW population [36] .
Methods
This study reports on a subset of data from the NEMO research program (NEuropsychology and meMOry) at the Children's University Hospital in Bern, Switzerland. The NEMO project examines cognitive performance in VPT/VLBW children and same-aged term-born controls in a cross sectional study design. All children completed the same cognitive assessment tasks. The study protocol has been approved by the ethics committee of the Children's University Hospital in Bern. All children and caregivers provided informed written consent prior to participation, consistent with the Code of Ethics of the World Medical Association (Declaration of Helsinki).
Participants
VPT/VLBW sample The medical records of all surviving German-speaking VPT/VLBW children born in the cohort of 1998 to 2003 at the Children's University Hospital in Bern, Switzerland, were reviewed. Inclusion criteria of the NEMO research program were: (a) born at <32 weeks gestational age and/or <1,500 g birth weight, (b) currently aged between 7 and 12 years, (c) no or mild neonatal cerebral lesions (maximal hemorrhage grade II), (d) no or mild periventricular leukomalacia (maximal grade II), (e) no chronic illness potentially influencing development (e.g., birth deformity, congenital heart defect, cerebral palsy, and epilepsy), (f) no postnatally occurring medical problems potentially influencing development (e.g., meningitis, encephalopathy, and traumatic brain injury), (g) no pervasive developmental disorders (e.g., autism), (h) IQ≥85 in neuropsychological assessment, and (i) normal or corrected-to-normal vision and hearing. Children fulfilling these inclusion criteria exhibit low rates of neonatal complications and neurodevelopmental impairment, and are considered to be the ones most likely to catch-up on executive performance of term-born controls [28] . According to the medical records, 247 children (92.5 % of the screened sample) fulfilled inclusion criteria. They were contacted by a letter including an information booklet for parents and children. Seventy-five children (29.1 % of the children fulfilling the inclusion criteria) agreed to enter the study and completed the neuropsychological assessment, but three children had to be excluded because of IQ<85 (n02; 2.7 %) or refusal (n01; 1.3 %). A total of 72 VPT/VLBW children remained. Two of the EF tests (Delis-Kaplan Executive Function System (D-KEFS)) used in this study require sophisticated reading ability and knowledge of the alphabetical order (see "Assessment"), that is why the 7-year-old VPT/VLBW children were excluded from analyses. The remaining 8-to 12-year olds were divided into two age groups according to the median of the VPT/ VLBW and the control sample (young, 8.00-9.86 years; old, 9.87-12.99 years). Furthermore, VPT/VLBW children of both age groups were selected as being comparable for IQ and maternal SES. Finally, a total of 56 VPT/VLBW children (28 young and 28 old children; 26 girls and 30 boys) was included. The frequencies of neonatal complications and therapies of these children are reported in Table 1 .
Control sample Healthy term-born German-speaking children were recruited with announcements on notice boards in the hospital and local schools. Inclusion criteria were: (a) born >37 weeks of gestation and >2,500 g birth weight, (b) aged between 7 and 12 years, (c) no chronic illness potentially influencing development (e.g., birth deformity, congenital heart defect, cerebral palsy, and epilepsy), (d) no medical problems potentially influencing development (e.g., meningitis, encephalopathy, and traumatic brain injury), (e) no pervasive developmental disorders (e.g., autism), (f) IQ≥85 in the neuropsychological assessment, and (g) normal or correctedto-normal vision and hearing. Fifty-three children completed the neuropsychological assessment, but three (5.7 %) were excluded due to ADHD (n02; 3.8 %) or refusal during testing (n01; 1.9 %). No child had to be excluded due to IQ<85. Overall, 50 controls remained. Two of the EF tests (D-KEFS) used in this study require sophisticated reading ability and knowledge of the alphabetical order (see "Assessment"), that is why the 7-year-old controls were excluded from analyses. The remaining 8-to 12-year olds were divided into two age groups according to the median of the VPT/VLBW and the control sample (young, 8.00-9.86 years; old, 9.87-12.99 years). Furthermore, controls of both age groups were selected as being comparable for IQ and maternal SES. Finally, a total of 41 control children (21 young and 20 old children; 21 girls and 20 boys) was included.
Assessment
To assess performance in inhibition, WM, and shifting, well-known clinical neuropsychological tests were used. The children's raw scores were transformed into agecorrected scaled scores according to the respective test manuals. A high-scaled score indicates good performance, whereas a low scaled score indicates poor performance. Impairment was defined as scaled score of <7.
Inhibition was measured using the D-KEFS Color-Word Interference [13] . This test consists of four conditions, whereas the third condition is the primary task of inhibition. The child has to name the ink color of the words that are printed in an incongruent ink (e.g., the child has to name the color (red) in which a word (green) is printed). The variable of interest was commission errors, which occur when the child reads the word instead of naming the color. A highscaled score indicates that the child made few commission errors and, therefore, had good inhibition skills.
As a measure of WM, the backwards digit span task of the German Version of the "Wechsler intelligence scale for children," fourth edition, was used (HAWIK-IV) [33, 42] . The variable of interest was the maximal backward span attained. A high-scaled score indicates that the child achieved a high backward span and, therefore, had good WM capacity.
Shifting was assessed using the forth condition of the D-KEFS Trail Making Test (number-letter switching) [13] . In this condition, the child had to shift between two sets of stimuli (sets A and B) by means of connecting numbers (set A, 1 to 16) and letters (set B, A to P), switching between connecting numbers and letters in correct order as fast as possible (i.e., 1-A-2-B-3-C, and so on). The variable of interest was the time (in seconds) needed to complete the task. A high scaled score indicates that the child needed little time to connect the numbers and letters in correct order and, therefore, had good shifting skills. To control the shifting performance for the basic processing speed attained in only one set of stimuli, condition two (number sequencing; set A, 1 to 16) was administered.
General intelligence was measured using the short form of the German version of the HAWIK-IV [11, 33, 42] . Fullscale IQ was calculated from seven subtests of the original HAWIK-IV (block design, similarities, digit span, coding, vocabulary, matrix reasoning, and symbol search) [11] .
Maternal socioeconomic status (SES) has been suggested to have a greater impact on cognitive outcome of pretermborn children than paternal SES [28, 41] . Maternal SES was defined as the mother's education level at the time of the neuropsychological assessment (no graduation01, college0 2, college of higher education03, and university degree04). Ethnic majority status was defined as having a Swiss passport or German as first family language.
Information about gestational age, birth weight and neonatal complications of the VPT/VLBW children was collected from the children's neonatal medical records. . First, it was tested whether the VPT/VLBW and the control sample were comparable regarding demographic variables (sex, ethnic majority status, age, IQ, and maternal SES; see "Analyses of demographic data"). One-tailed Pearson's Chi-square tests were conducted for categorical variables (sex and ethnic majority status) and one-tailed MannWhitney U tests were computed for continuous variables (age, IQ, and maternal SES). It was tested whether the whole VPT/VLBW and the whole control sample were comparable regarding age, IQ, and maternal SES (all-all). Comparison of these variables was also conducted including the young groups of both samples (young-young) and the old groups of both samples separately (old-old) (see Table 2 ).
Second, it was tested whether EF performance (scaled scores) differed significantly between the young VPT/ VBLW group and the young control group as well as between the old VPT/VLBW group and the old control group (see "Group differences, effect sizes, and frequencies of impairment"). For this purpose, Mann-Whitney U tests were conducted. To disclose the performance differences beyond p values, effect sizes were calculated (Cliff's delta) [24] . A Cliff's delta near to 1.0 or −1.0 indicates only a small overlap between VPT/VLBW children and controls (large difference between groups), while a Cliff's delta near to 0.0 indicates a large overlap between the two groups (small difference between groups) [24] . In case of a deficit, both young and old VPT/VLBW groups would perform significantly poorer than the respective control group (i.e., large effect size). In case of a delay, the young VPT/VLBW group would perform inferior to the young control group (i.e., large effect size), whereas the old VPT/VLBW group would perform similarly to the old control group (i.e., small effect size). Furthermore, it was tested whether the frequencies of EF impairment (scaled score of <7) differed between the young VPT/VBLW group and the young control group as well as between the old VPT/VLBW group and the old control group using one-tailed Pearson's Chi-square tests.
Third, it was tested whether the VPT/VLBW sample and the control sample showed significant correlations between age and EF performance (raw scores). For this purpose, Spearman's correlation coefficients were calculated. A significant correlation indicates that the EF performance markedly increased with age, whereas a nonsignificant correlation reveals that the children already reached a quite mature level of performance. Raw scores (and not scaled scores) were chosen because scaled scores are age-corrected and, therefore, should ideally not correlate with age.
Results

Analyses of demographic data
The results of the following analyses are reported in Table 2 . There was no difference in sample size between the VPT/ VLBW age groups and the control age groups (p00.403). Sex and ethnic background were equally distributed in the VPT/VLBW and the control sample (sex, p00.320; ethnic majority, p00.325).
Both VPT/VLBW age groups were comparable to the respective control age groups in terms of age (young, p0 0.201; old, p00.425) but not regarding IQ (young, p<0.01; old, p<0.01) and maternal SES (young, p<0.01; old, p< 0.01), with the controls having significant higher IQs and maternal SES compared with the VPT/VLBW children.
Group differences, effect sizes, and frequencies of impairment
The results of the following analyses are reported in Table 3 . The effect sizes are shown in Fig. 1 .
Inhibition Young VPT/VLBW children performed significantly lower in the inhibition task than young controls (p< 0.05), whereas old VPT/VLBW children performed similarly to old controls (p00.409). Effect sizes were small-tomedium between the young groups (d00.30) and negligible between the old groups (d00.06). Pearson's Chi-square test revealed significantly higher frequency of inhibition impairment in the young VPT/VLBW group compared with the young control group (p < 0.01). No difference in the Working memory Young VPT/VLBW children performed significantly lower in the WM task than young controls (p < 0.05), whereas old VPT/VLBW children performed similarly to old controls (p00.165). Effect sizes were small-to-medium between the young groups (d 00. 31) and small between the old groups (d00.13). Frequencies of WM impairment were zero in both the VPT/VLBW and control group and, therefore, no Pearson's Chisquare test was computed. Shifting Young VPT/VLBW performed significantly lower in the shifting task than young controls (p < 0.01). The difference remained significant when accounting for basic processing speed (p <0.05). Old VPT/VLBW children performed significantly lower in the shifting task than old controls (p< 0.05) but the difference was no longer significant when accounting for basic processing speed (p 00.723). Effect sizes were small-to-medium between the young groups (d 0 0.49) and small-to-medium between the old groups (d 00.35). Pearson's Chi-square test revealed significant higher frequency of shifting impairment in the young VPT/VLBW group compared with the young control group (p < 0.05). No difference in the frequency of shifting impairment occurred between the old VPT/ VLWB and the old control group (p 00.117).
Correlation between age and EF performance
The Spearman's correlation coefficients are reported in Table 4 . In the VPT/VLBW sample, there was a significant correlation between age and inhibition performance (r0−0.30, p<0.01), WM performance (r00.39, p<0.01), and shifting performance (r0−0.64, p<0.01). In the control sample, there was a significant correlation between age and WM performance (r00.39, p<0.01) and shifting performance (r0−0.68, p<0.01). No correlation occurred between age and inhibition performance (r0−0.12, p00.231).
Discussion
The first aim of the study was to investigate whether VPT/ VLBW children performed poorer than controls in both age groups (deficit hypothesis) or caught up with increasing age (delay hypothesis). Regarding inhibition performance, young VPT/VLBW children performed significantly poorer than young controls, indicating that young VPT/VLBW children committed more errors in the inhibition task than young controls. In contrast, inhibition performance of old VPT/VLBW children and old controls was similar. Concordantly, the frequency of inhibition impairment was significantly higher in the young VPT/VLBW group than the young control group but similar in the old groups. Regarding WM performance, young VPT/VLBW children performed significantly poorer compared with young controls, indicating that young VPT/VLBW children displayed shorter backwards digit span than young controls. In contrast, WM performance of old VPT/VLBW children and old controls was similar. The frequencies of WM impairment were zero in both the VPT/VLBW and the control sample, revealing that all children performed above the threshold of clinical impairment. This result is not surprising Fig. 1 The effect sizes of group differences between VPT/ VLBW children and controls when considering the nature of the WM task. Span tasks do usually not produce large performance variances because there is a small window of possible results (e.g., a backward span of 2, 3, 4, or 5), which increases the possibility of performance within the normal range. Regarding shifting performance, young VPT/VLBW children performed significantly poorer compared with young controls, even when accounting for basic processing speed. This result indicates that young controls needed significantly more time to complete the shifting task compared with the young controls, independent of basic processing speed. Old VPT/VLBW children performed significantly poorer in the shifting task compared with old controls, however, the difference was no longer significant when accounting for basic processing speed. This result indicates that old VPT/VLBW children performed poorer than old controls because of slower processing speed rather than shifting problems. Concordantly, the frequency of shifting impairment was significantly higher in the young VPT/VLBW group compared with the young control group, but similar in the old groups.
Together, the present data suggest a decrease of performance difference between VPT/VLBW children and controls with increasing age. These results support the delay hypothesis, which is plausible when considering the characteristics of the study sample: VPT/VLBW children exhibited no or minimal neonatal brain lesions, no or mild neurodevelopmental impairment, well-educated mothers and are mainly members of the ethnic majority, all factors that facilitate a catch-up of cognitive performance in VPT/ VLBW children [28] . The hypothesis of delay is further strengthened when bearing in mind that controls had significantly higher IQs and maternal SES and, therefore, reflected a high-functioning and economically favored group. Despite lower IQ and SES, old VPT/VLBW children managed to produce performance levels comparable to those of controls across all three EF.
The support of the delay hypothesis in VPT/VLBW children is contradictory to the literature, where VPT/ VLBW children usually performed significantly poorer in EF tests compared with controls [3, 4, 8] . However, studies commonly compare the performance of VPT/VLBW children as a collective to a control group rather than dividing them into different age groups, enabling a more differentiated look at the course of EF development. When comparing the performance of collectives with large age ranges, a delay in EF performance might remain undetected because the lower performance of the younger children contributes to the significant group difference. This bias might even be more accentuated in studies including VPT/VLBW children under the age of 9 years, where a possible catch-up might not yet have occurred. Accordingly, it is desirable that future studies on VPT/VLBW children address more attention to a possible delay in order to avoid misleadingly labeling older VPT/VLBW children as inferior compared with same-aged controls.
Catch-up in cognitive functions is likely to be underpinned by structural and/or functional cerebral maturation and environmental effects. The emergence of executive skills has been linked to structural maturation of the frontal lobes, in particular of the prefrontal cortex [10] . A spurt of grey matter growth in the prefrontal cortex occurs at about the age of 11 years in girls and 12 years in boys [19] . The old VPT/VLBW children in this study were about to undergo this period of crucial structural brain development. Difficulties in EF seen at younger ages might vanish at an older age, possibly due to prolonged maturation of the frontal brain structures. A study by Kesler and colleagues [23] revealed that by the age of 12 years, brain morphology and cognitive performance of VPT/VLBW girls with no neonatal cerebral brain lesions was similar to that of same-aged term-born females. As mentioned above, catch-up may be additionally underpinned by functional maturation of the brain, more precisely by the emergence of compensatory mechanisms. It is possible that VPT/VLBW children compensate for reduced regional cerebral volume [34] by recruiting supplementary brain regions to achieve the same level of performance as controls. Accordingly, VPT/VLBW children at 12 years of age were observed to activate different functional networks during a language processing task than controls, despite similar task performance [30] . Furthermore, catch-up might depend on environmental factors. Special care, such as remedial teaching, and occupational or speech therapy, was needed in 9-18 % of the VPT/VLBW children. These interventions are likely to affect VPT/VLBW children by means of a performance increase in trained skills and, hence, an approximation to the performance levels of healthy controls. Together, the mechanisms underpinning catch-up remain unknown and should be the subject of future research.
Several studies have shown that VPT/VLBW adults still exhibit impairment in EF compared with term-born adults [6, 41] , supporting the deficit hypothesis. However, VPT/VLBW adults were born at times when there was a different standard of neonatal care. In recent years, neonatal intensive-care medicine has strongly improved, for example due to antenatal steroid and postnatal surfactant therapy [38] . The present study sample was born between 1998 to 2003, a period where the use of antenatal steroids and surfactant was already embedded in the usual treatment of these children. Overall, it is conceivable that a catch-up in cognitive performance occurs more frequently in VPT/VLBW children born only recently because these children can benefit from modern medical intensive care standards.
The second aim of this study was to investigate whether VPT/VLBW children displayed a similar pattern of performance increase in EF with advancing age compared with controls. In the VPT/VLBW sample, age correlated significantly with performance in inhibition, WM, and shifting. These results indicate that, with increasing age, VPT/VLBW children committed less inhibition errors, showed higher backwards digit span, and needed less time to shift between two sets of stimuli. These findings correspond to several studies including 8-to 12-year-old healthy children [12, 18] . In the present study, the highest performance increase (i.e., the largest correlation) was observed in shifting, followed by WM, and, at last, by inhibition. This result is in line with the literature suggesting that shifting skills rely on both inhibition and WM resources and, therefore, demonstrate the most prolonged developmental timetable among the three EF [5, 12] .
In the control sample, age correlated significantly with WM and shifting, but not with inhibition. These results indicate that, with increasing age, controls showed higher backwards digit span and needed less time to shift between two sets of stimuli, but did not commit less inhibition errors, indicating that controls already reached a quite mature level of performance regarding inhibition. The highest performance increase was observed in shifting, followed by WM, and, at last, by inhibition. This sequence indicates that inhibition was already more matured compared with WM and shifting, which is in line with another study, where healthy children aged 8 to 13 years showed significant performance increases in WM and shifting, but not in inhibition [25] . Diamond [14] suggested the ability to resist interference and reliably inhibit inappropriate responses to be fundamental for the emergence of higher-order performance. In other words, as long as irrelevant stimuli cannot be suppressed efficiently, processing relevant information is error-prone. Similarly, Bjorklund and Harnishfeger [7] considered successful inhibition skills to increase the efficiency of WM, insofar as efficient inhibition hinders irrelevant information from entering the WM operation pool. Together, the VPT/ VLBW children showed a widely similar pattern of performance increase in executive skills compared with controls, with highest performance increase in shifting, followed by WM, and inhibition.
There are a few limitations to be mentioned. First, the study design was cross-sectional. Final Conclusions about delay or deficit best derive from studies with longitudinal designs. Second, the sample size of each age group was rather small, which decreases the power to detect significant differences between the groups and increases the chance of outliers distorting the results [22] . Given the importance of inhibition, WM, and shifting for academic achievement, longitudinal studies with large sample sizes are needed to give further insight into the development of EF in VPT/VLBW children. Third, the VPT/VLBW cohort was non-representative because only children with no or minimal brain lesions and no or minimal neurodevelopmental impairment were included. The current results are not comparable to those of studies on preterm-born children with more severe neonatal complications, which are thought to have higher rates of cognitive dysfunction [15, 42] . In future research, it would be of interest to investigate EF performance in VPT/VLBW children with different severities of neonatal course and different histories of neurodevelopmental impairment.
Together, this study provides evidence for the delay hypothesis and suggests that VPT/VLBW children can catch-up in performance of inhibition, WM, and shifting with increasing age. Furthermore, VPT/VLBW children showed a similar pattern of performance increase in these three functions with advancing age, with the highest performance increase in shifting, followed by WM, and inhibition. In conclusion, poor performance in inhibition, WM and shifting of young VPT/VLBW children with no or minimal brain lesions and no or minimal neurodevelopmental impairment might reflect a delay rather than a deficit.
